This study employs a regression discontinuity design in order to provide direct evidence on the effects of grades earned in economics principles classes on the decision to major in economics and finds a differential effect for male and female students. Specifically, for female students, receiving an "A" for a final grade in the first economics class is associated with a meaningful increase in the probability of majoring in economics, even after controlling for the numerical grade earned in the class. This suggests that, for female students, the feedback that is embedded in the course letter grade has an encouragement effect on their decision to study economics further. It finds no evidence of a similar effect for male students. This study employs a regression discontinuity design in order to provide direct evidence on the effects of grades earned in economics principles classes on the decision to major in economics and finds a differential effect for male and female students. Specifically, for female students, receiving an "A" for a final grade in the first economics class is associated with a meaningful increase in the probability of majoring in economics, even after controlling for the numerical grade earned in the class. This suggests that, for female students, the feedback that is embedded in the course letter grade has an encouragement effect on their decision to study economics further. It finds no evidence of a similar effect for male students.
Introduction
Many studies have focused on the role that performance in economics classes plays in the decision to become an economics major and sensibly conclude that students who perform better in economics principles classes are more likely to major in economics. (See, for example, Horvath, Beaudin and Wright, 1992; Dynan and Rouse, 1997; or Chizmar, 2000) . However, it is difficult to infer causation from this correlation: Does the better performance cause an interest in economics or does the interest in economics cause better performance? This study employs a regression discontinuity design in order to provide more direct evidence on the effects of grades earned in principles classes on the decision to major in economics and finds a differential effect for male and female students. Specifically, it finds that, for female students, receiving an "A" for a final grade in the first economics class is associated with a meaningful increase in the probability of majoring in economics, even after controlling for the numerical grade earned in the class. This suggests that, for female students, the feedback that is embedded in the course letter grade has an encouragement effect and positively influences the probability of studying economics further. It finds no evidence of a similar effect for male students.
To reach these conclusions, data from over 1,300 introductory economics students in five different semesters were used. First, a preliminary probit analysis predicting the probability of becoming an economics major shows that the receipt of an A in the class, even after including the raw score in the course (i.e., the numerical course grade) is significant in determining the probability of majoring in economics for female students.
The nature of the data, however, is ideal for a regression discontinuity design which allows for more robust inferences about causality. Specifically, if the numerical course grade is a good measure of the student's ability to do well in economics classes, it should be positively correlated with the probability of majoring in economics. If grades cause students to major in economics, then we should see a discontinuous jump in the probability of majoring in economics at the threshold numerical score for receiving an "A" in the course. Because students who are close to either side of the threshold are very similar to each other, the presence of a discontinuity provides more convincing evidence that the treatment of receiving an A actually caused the increase in probability. This study documents such a jump for female students, but not for male students, leading to the conclusion that grades may affect female students in a different way than they affect male students.
Because it suggests that the experience in the first economics class has a greater effect on female students than male students, this finding is more broadly related to the findings in Owen (2001, 2000) . They report that female students are less likely to take introductory economics thinking that they will be an economics major, and female students are more likely to change their minds about future economics courses after they take introductory economics. Interestingly, our results suggest that in addition to their overall performance in the course, the instructor feedback in the form of a letter grade has an additional encouraging effect for women. We find no evidence that the letter grade, after controlling for course performance, has the same impact on male students. This finding may also be related to the findings of some psychologists who have argued that female students are more sensitive to instructor feedback (Beyer and Langenfeld, 2000) .
1
Positive feedback may also be particularly important for female students in economics if they did not expect to do well in the class. Steele (1997) argues that women in quantitative fields face a stereotype threat that makes it more difficult for them to identify with these academic domains. In such a case, receiving an A might help to overcome the stereotype, while receiving a lower grade may simply reinforce it. In fact, Ballard and Johnson (2005) demonstrate that negative stereotyping exists among female students in introductory economics classes by documenting that female students have lower expectations for their performance, even after controlling for family background, academic experience, and mathematics experience. In a corroborating finding, Nowell and Alston (2007) survey students in economics and quantitative courses and find that male students exhibit more overconfidence in their abilities than female students.
While the study described below is not able to provide evidence for the reason that grades affect the decision of female students, it does provide convincing evidence of a causal role. Regardless of the reason for this effect, this is an important result for instructors of economics because it documents a causal link between grades and student choices. These conclusions are demonstrated in the following three sections: The next section describes the data and methods, the third section presents results, and some concluding thoughts are provided in Section 4.
1 In a more dated study, Dweck, Davidson, Nelson and Enna (1978) provide evidence that female students are more likely to attribute negative feedback to their own low ability than male students.
Data and Methods
To explore the effects of grades received in introductory economics classes on the probability of majoring in economics, approximately 1,800 students who took introductory economics in five different semesters at a highly-selective research university located in the Northeastern United States over the time period 2003 to 2006 were studied. Grade data from the instructors were matched up with registrar data on the subsequently declared major. Specifically, course numerical grades, course letter grades, student gender, and the major that each student later declared were used in the analysis.
The one-semester introductory course which the students completed is the first class required for the economics major at this institution and is the prerequisite for intermediate microeconomics and macroeconomics.
2 The course is typically team taught with one male and one female instructor; however, in one semester in the sample, the two instructors were both male, and in one semester, there was only one female instructor.
Students who failed the course or who were taking this course as either a junior or a senior were removed from the sample as these students would not be in a position to declare an economics major after completing the course. Several students who had not yet declared a major were also removed from the sample. Finally, because the study focuses on the effect of letter grades awarded, students taking the course on a pass/fail basis (did not receive a letter grade) were also excluded. The resulting sample was 1,355.
Descriptive statistics for key variables in the analysis are in Table 1 .
Different sections of the course had slightly different distributions for the numerical course scores. In order to make them comparable, the numerical course scores 2 As is the case at most institutions, students can place out of this course with satisfactory performance on AP exams, the international baccalaureate (IB) HL exam in economics, or the British A-level exam.
were standardized so that each section's numerical grades had a mean of zero and a standard deviation of one. Even so, the threshold standardized course score for receiving a letter grade of "A" in the class was not identical across sections so, prior to pooling all the data, the threshold for receiving an "A" was subtracted from each student's standardized score. In other words, in the transformed variable, any student with a score equal to zero or greater received an A for the course. A histogram of this variable for female and male students is shown in Figures 1A and 1B.
At this institution, students who pass the class receive a letter grade of either an A, a B, or a C. There are no pluses or minuses awarded and students who earn less than a C receive no credit for the course. 3 As can be seen in Table 1 , 35 percent of the students received an A, while 39 percent of the students received a B. Twelve percent of the students declared economics as a major subsequent to completing the class, while female students represented slightly less than half the sample, at 44 percent.
Using these data, this paper employs two different methods to examine the effect of grades on the decision to major in economics. Both are based on the idea that the numerical score earned in the course is a measure of the student's performance that would reflect the student's ability and interest in economics. Theoretically, the numerical score should be positively related to majoring in economics. However, inferring causality from a positive coefficient in a probit model predicting whether or not the student becomes an economics major is problematic. The coefficient estimates may be biased if students intending to major in economics have systematically different performances. One source of bias would be if students of overall higher (lower) ability were interested in economics. In this case, their numerical scores in the course would be systematically higher (lower) than the other students. A similar issue arises if students interested in economics work harder in economics classes because it is the subject in which they intend to major.
The first method used to isolate the effect of the grade received is to enter a dummy variable indicating the letter grade received in the class in a probit estimation predicting the probability of majoring in economics. In these estimations, the course grade is also entered (in the standardized form discussed above) to control for the student's interest and ability in economics. In other words, any residual effect of the letter grade on the probability of majoring in economics can be interpreted as a "treatment" effect of receiving that letter grade. Thus, by controlling for the raw score in the course, this method allows us to isolate the effect of receiving that particular grade.
By interacting the letter grade received with a dummy for gender, we are able to determine if the treatment of receiving a particular letter grade varies among male and female students.
Of course, the dummy variable in the probit regression may simply be picking up a non-linearity in the relationship. Although we also allow the numerical score to enter in a non-linear fashion in some of the probit estimations, an empirical technique that better matches up with the idea that there is a "treatment" effect of receiving a letter grade is regression discontinuity analysis. For example, if there is an effect of receiving an A in introductory economics, then there should be a discontinuous jump in the probability of majoring in economics at the threshold grade for receiving an A (in our case at zero), even though students who are close to either side of the threshold are arguably very similar. Therefore, if the only difference between students who are close to either side of the threshold is that one set received an A and the other did not, then we can attribute a causal role to receiving the A in determining the probability of becoming an economics major. Regression discontinuity analysis allows us to estimate the size of the jump in probability and test for its statistical significance. Essentially, the procedure entails estimating local regressions near the hypothesized threshold, using these regressions to predict the probability of majoring in economics, and then using a Wald test to determine if these differences in probabilities are statistically significant. Checks for robustness of the conclusions include 1) ensuring that there are not other thresholds in the data where they should not be, and 2) varying the definition of "local" regressions to include different bandwidths around the threshold.
identical in relevant characteristics. 5 Therefore, one might also be concerned if instructor grading methods resulted in this assumption being violated. Specifically, if instructors determined the threshold by looking for "breaks" in the distribution, there would be a cause for concern. However, in our data, the large number of students in each section minimizes the potential for meaningful breaks in the data and an examination of the raw grades in each section supports this conclusion: The average difference between the cutoff numerical grade for an A and the next lowest grade is .17 (out of a 100 point scale). Especially given the imprecision with which a grade reflects any student's effort, ability or knowledge, this is not a meaningful difference and we can be confident that students just above and just below the threshold performed similarly.
A final assumption in this study is that a linear probability model is employed in the estimation of the local regressions. When we use a linear probability model in place of a probit in estimations that mirror those presented in our preliminary analysis, we find similar results, giving us confidence that the use of the linear probability model is not affecting our conclusions.
Results

Main sample results
Prior to discussing the regression discontinuity analysis, a preliminary probit analysis is presented in Table 2 . In each column, the probability of declaring economics as a major is predicted using a variety of control variables. In the first column, only the standardized grade is used as an explanatory variable (less the threshold for receiving an A to make this numerical score comparable across sections). As expected, this variable is positively and significantly related to majoring in economics. In the second column, a dummy variable for the receipt of an A is added, but now both measures of course performance, though positively related, are statistically insignificant. The third column in Table 2 shows a separate effect of receiving an A for male and female students. As expected, female students are less likely to major in economics, but the interaction of being female and earning an A has a positive and statistically significant effect on the probability of majoring in economics, whereas there is no evidence of a similar effect for male students. The results in column 4 of Table 2 finds similar effects of earning a B.
(The omitted category is receiving a C in the course.) Although the coefficient on the interaction of receiving a B and being female is smaller than that for receiving an A and being female, it remains positive and statistically significant. Again, there is no evidence for similar effects among male students.
The marginal effects of receiving an A for female students associated with the estimations reported in Table 2 are notable. For example, the marginal effect of a female student receiving an A in the estimation reported in column 4 is .24. This more than compensates for the negative marginal effect of .15 of being female.
Columns 5 and 6 of Table 2 add dummy variables for different sections of the class. As mentioned earlier, one dimension in which the sections differ is in the gender of the instructors. In addition, some sections were taught in the Fall semester, while others were taught in the Spring semester. There may be seasonal effects as well, with students more interested in economics taking their first class in their first semester in the Fall. While there is not enough variation in the data to control for each of these effects separately, section dummy variables should allow us to capture these effects together. In fact, the section that has a positive, significant effect on the probability of majoring in economics was taught by one female instructor in the fall semester. The one section that has a negative interaction effect with female students was taught by two male instructors in the spring semester. 6 Nonetheless, the conclusion regarding the effect of receiving a better letter grade for female students remain intact, even after controlling for section characteristics.
Finally, the results in Column 7 are for a specification that allows for a nonlinearity in the relationship between the standardized grade less the threshold for receiving an A and the probability of majoring in economics. Although there is no evidence for a non-linearity in this relationship, the conclusions drawn earlier are robust to allowing for this possibility. Although not reported in the table, we also found that the interaction of being female and the higher order terms for the numerical score variable are insignificant, suggesting that the effect of being female has an intercept, but not a slope effect.
The preliminary analysis in Table 2 suggests that a regression discontinuity analysis may prove fruitful if male and female students are allowed to be affected differently by grades in the analysis. As a first step, Figures 2 and 3 present a graph of the probability of majoring in economics against the standardized course grade less the standardized threshold for receiving an A. To calculate these probabilities, the data were grouped into "bins" that were .2 standard deviations wide. Then, the probability of majoring in economics for male students was calculated as the number of male students majoring in economics divided by the total number of male students in that bin. A similar calculation was performed to obtain the probability for female students. A vertical line is drawn on each graph at 0, the threshold for receiving an A in the class.
Two points are clear from comparing Figures 2 and 3 . First, the probability of becoming an economics major for male students is higher. Second, there is no easily discernible relationship between the grades that male students received and the probability of becoming an economics major, but there does seem to be a clear pattern for female students, with higher probabilities associated with better grades. Visual inspection also suggests that there may be a discontinuous jump at the threshold for receiving an A in the probability of majoring in economics for female students. Although this analysis is admittedly ad hoc, this point will be investigated more rigorously in the analysis described below.
As discussed above, to employ a regression discontinuity analysis, local linear or "kernel" regressions are estimated on either side of the hypothesized threshold. economics is predicted by the standardized grade less the A threshold. At the hypothesized discontinuity, the graph is not connected; however, in order to determine if the two predicted probabilities at either side of the threshold are in fact different from each other, it is necessary to perform a Wald test. Before reporting these results, it is necessary to comment on the fact that the graph in Figure 4 actually depicts a decline in the probability of majoring in economics for female students who were near, but below the threshold for an A. This same pattern is not evidenced in Figure 5 , which examines the probability of male students majoring in economics. Although these graphs are drawn for particular bandwidths (.10), this qualitative feature of both graphs is present in alternative bandwidth selections. The decreased probability of majoring in economics for female students who earned a high B, but not quite enough for an A is consistent with a discouragement/encouragement effect of letter grades for female students.
The results of the Wald tests indicating whether or not the differences in predicted probabilities are significant appear in Table 3 . Table 3A presents the differences in the probabilities on either side of the A threshold for male and female students. Each estimate is made three times, for differing bandwidths. The bandwidth reported in the first row of Table 3A Table 3A ) contains about half that number of observations on either side of the threshold and the bandwidth of .10 (row 3 of Table 3A ) contains about twice as many. As bandwidth decreases, we are estimating the regressions with data points that are closer to the hypothesized discontinuity; however, the accuracy of the estimation may suffer from a small number of data points. Nonetheless, for all three bandwidths, there is a positive and significant jump in the probability of becoming an economics major at the threshold for receiving an A in the class for female students. The estimates of the magnitude of this increase in the probability are consistent in all three estimations, ranging from 15 to 18 percentage points. In contrast, the corresponding analysis for male students yields more widely varying estimates and reveals no significant discontinuity in the probability of majoring in economics at the threshold for receiving an A. Table 3B displays the evidence for a discontinuity at the B threshold. In order to perform this analysis, it was necessary to transform the data by subtracting the threshold grade for a B rather than an A from the standardized numerical score, but the same steps in the analysis described above were performed. However, unlike the probit results, the results in Table 3B provide no evidence for a discontinuity at the B threshold for either male or female students.
Finally, in order to provide a convincing analysis, it is necessary to demonstrate that the evidence found for a discontinuity is not spurious. One way to do this is to show that breakpoints do not exist at other locations where they should not. Figure 3 suggests a few places in which we might look for additional breakpoints. Visual examination of this figure suggests that looking for a breakpoint at -1, -0.8, -0.6 or 0.6 may be worthwhile. Table 3C presents the results from this exercise, showing that there is no evidence of a breakpoint at 3 of these 4 points. When the standardized grade less the threshold for the A is equal to -0.8, there is some weak evidence of a discontinuity. Two of the three differences are significant at the 10 percent level; however, it is difficult to put much confidence in these results. First, unlike the results for the discontinuity at the A threshold, the two significant differences in probability are of very different magnitudes (.09 vs. .28). Second, the two significant differences are for the smallest and the largest bandwidths. The intermediate bandwidth, which contains an overlapping sample, does not produce significant results, calling the validity of these results into question. That said, one reason why a discontinuity may exist at -0.8 is that it is close to the threshold for receiving a B in many of the sections. Therefore, the weak evidence for a discontinuity here is not inconsistent with the idea that letter grades do affect female students.
Results from alternative sample
The main results presented above are based on a sample from an institution that does not allow students to earn half letter grades (i.e., pluses or minuses). Although the nature of this grading system provides a unique opportunity to implement regression discontinuity tests and make a more confident assertion about causality, one may wonder if these results can be generalized. At many institutions, pluses and minuses are routinely attached to letter grades and it is interesting to investigate whether the same effects exist when the distinction between A's and B's is blurred by the existence of pluses and minuses. In this section, we briefly discuss the extension of our results to such a sample. 374 at the research university). Unfortunately, this implies a considerably smaller sample of 384 students after juniors, seniors, and students who had not yet declared a major are removed from the sample. The fact that there are now 11 possible breakpoints rather than two, makes this a less than ideal sample for regression discontinuity tests. In addition, the smaller sample, combined with a smaller percentage of females in the sample, and a smaller percentage of students earning A's precludes us from bootstrapping standard errors in the regression discontinuity tests. Therefore, we can only present the preliminary probit results as suggestive evidence of the overall phenomena-grades have an encouragement effect for female students.
The descriptive statistics for this alternative sample in Table 4 suggest three interesting differences between this sample and that of the research university. First, the fraction of students who take introductory economics and then later major in economics is relatively large. This is likely related to the fact that this college has no distribution requirements; only one other small program requires its students to take introductory economics as part of that program's requirements. Because few students other than economics majors are required to take introductory economics at this institution, students in these classes are probably more likely to be in the classes because of an interest in economics. Second, and possibly related to this first observation, is that there are fewer female students in these classes than at the research university. Finally, the fraction of students who earn a grade in the A range (A, A-, A+) is considerably smaller, indicating different grading standards at the two different institutions. On the one hand, this may create a larger impact of receiving an A if earning an A at this institution carries more meaning. On the other hand, the ability to earn a B+ may decrease the distinction associated with receiving a grade in the A range.
The data manipulation described earlier is repeated on this sample and Table 5 presents the results from a probit analysis showing corroborating results. 8 Results in
Column 3 of Table 5 show that receiving an A and being female is associated with a higher probability of subsequently declaring economics as a major, but no evidence of this effect is found for male students who receive A's. These effects exist even after controlling for the student performance in the class via the standardized course grade.
Unlike the earlier results, there is no evidence of an effect of receiving a grade in the B range; but, as before, including this effect does not make the effect of receiving an A for female students insignificant (Column 4 of Table 5 ). Columns 5 and 6 show that the positive and significant effect of receiving an A for female students is robust to the inclusion of dummy variables for instructor. The dummy variables for the four male instructors, (not shown here), were statistically insignificant. Finally, the results in column 7 indicate that the conclusions drawn from the earlier results are robust to allowing for nonlinearity in the effect of the numerical course grade.
Although the nature of this sample does not allow us to perform the regression discontinuity tests, the corroborating evidence presented here does suggest that the effect identified in the larger sample may be generalized to other contexts. This evidence supports the idea of an encouragement effect of grades for female students in introductory economics.
Conclusion
This study has used two different methods to demonstrate the effect of grades in introductory economics on the probability of majoring in economics. Both methods suggest that female students respond to the grades given and have higher probabilities of majoring in economics when they receive an A in introductory economics. Although this study can document the treatment effect of receiving an A, it cannot discern the reasons why female students react differently. One idea that has been proposed in the psychology literature that may be relevant here is that female students may be more likely to interpret the grades received as a reflection of their ability. In addition, these effects may be accentuated by stereotype threat: a low grade for a female student may simply act to confirm the stereotype that she should not be good at economics, and a high grade may be necessary to overcome that expectation.
Regardless of the reason, these results have important implications for instructors.
In particular, tough grading standards, even applied fairly, may disproportionately discourage female students from studying economics. Instructors who have such grading policies should be sensitive to these effects and look for other means to encourage female students. Estimation method: Gaussian kernel, bandwidth of .10 Absolute value of z statistics in parentheses, **significant at 5%; *significant at 10%. Columns 5 through 7 include instructor dummies
